Spawning migration of Labeobarbus species was studied from August to December 2013 in some tributary rivers (Qimon, Guanta, Shini, and Chibirna) of Lake Tana. Fish specimens and physico-chemical parameters were measured bimonthly in August and September but monthly from October to December. Adult fish specimens were caught using 6 and 8 cm stretched mesh size monofilament gillnets and 6, 8, 10 and 12 cm mesh size multifilament gillnets. A total of 933 adult Labeobarbus specimens were collected during the study period. Labeobarbus intermedius was the most abundant species followed by L. brevicephalus. The peak spawning season of L. intermedius was from fourth week of August to end of September and for L. brevicephalus it was from fourth week of August to beginning of October. Both species were found to spawn in all sampling rivers. However L. truttiformis spawned only at Guanta and Qimon Rivers during August while L. nedgia in Shini and Chibirna Rivers at the end of September. This implies the presence of micro-spatial segregation among species. Pair-wise comparison of Labeobarbus species showed temporal segregation in all sampling months, except L. brevicephalus and L. nedgia. The present findings showed that small tributary rivers and streams are the main spawning grounds for Labeobarbus species of Lake Tana. Therefore, main spawning grounds or routes should be protected from the deleterious effects of anthropogenic activities like illegal fishing, irrigation and sand mining for wise use of the fish resources. 
INTRODUCTION
Ethiopia is rich in its fish fauna, having a diversified species in the inland water bodies (Abebe Getahun, 2002) . The three major fish families (Cichlidae, Clariidae and Cyprinidae) are widely distributed throughout the country. In Lake Tana, Cyprinidae is the largest family and is represented by four genera. These are the genera Barbus represented by three species: B. humilis, B. pleurograma, and B. tanapelagious (Eshete Dejen et al., 2003) , Varicorhinus represented by one specie: V. beso, Garra represented by four species: G. dembecha, G. tana, G. regressus and G. small mouth (Akewake Geremew, 2007) and Labeobarbus, which is the most abundant genus of the family and consists of 17 species forming a unique species flock in Lake Tana (Nagelkerke, 1997) . *Corresponding author: gizachew2006@gmail.com bus stock in Lake Tana is thought to be recruitment overfishing by the commercial gillnet fishery that targets the riverine spawners and poisoning of the spawning stock in rivers using the crushed seeds of Birbira (Milletia ferruginea) (Nagelkerke and Sibbing, 1996) .
Many recent studies have shown that Lake Tana tributary rivers are severely degraded by different developmental activities like irrigation and sand mining. In so far as we know, there is no any study dealing with the importance of the present small tributary rivers and streams of Lake Tana as the main spawning grounds for some endemic Labeobarbus species. Thus, this study aims at investigating the spawning migration fish species to these unexplored tributary rivers of Lake Tana.
MATERIALS AND METHODS

Description of the study area
Lake Tana is the largest lake and situated in the northwest of Ethiopia, at an altitude of 1830 m with a surface area of 3200 km 2 and a watershed of 16500 km 2 (Rzóska, 1976 River is characterized by dense vegetation. Figure 1 shows the specific sampling sites at the tributary rivers of Lake Tana. 
Field sampling and type of data
Abiotic parameters
Gillnet setting and species identification
Sampling sites were selected based on the suitability for gillnet setting and human interference. In all sampling sites of the tributary rivers of Lake Tana, gillnet was set during the day time and sampling of fish was conducted usually from 10:00 am to 3:00 pm. Multifilament gillnets with 6, 8, 10 and 12 cm stretched mesh size and monofilament gillnets with 4 and 6 cm mesh size were used for collecting fish specimens.
After capture, the collected specimens of Labeobar-bus species were identified to species level using keys developed by Nagelkerke (1997) , and Nagelkerke and Sibbing (2000) . Then, the specimens' total length, fork length, standard length and total weight were measured to the nearest 0.1 cm and 0.1 g precision for length and weight, respectively. After dissection, gonadal maturities of each fish specimen were identified using seven point maturity scales (Nagelkerke, 1997) .
Gonad weight was measured to the nearest 0.1 g using sensitive balance.
Relative abundance and fish composition
Index of Relative Importance (IRI) is a measure of the relative abundance or commonness of the species based on number and weight of individuals in catches as well as their frequency of occurrence (Kolding, 1999) . IRI was used to find the most important species in terms of number, weight and frequency of occurrence in the catches from the different sampling sites. IRI gives a better representation of the ecological importance of species rather than the weight, number frequency of occurrence alone (Sanyanga, 1996) .
Percent of IRI was calculated as follows: 
RESULTS
Abiotic parameters
The analysis for temperature, TDS, conductivity and Secchi depth showed significant differences among the different rivers (p<0.05). Mean comparison of all physico-chemical parameters showed significant difference between Guanta River and other sampling rivers (Table 1) .
of species. %W j and %N j are percentage weight and number of total species of total catch, respectively.
%F j is percentage frequency of occurrence of total species in total number of setting.
Gonado-Somatic Index (GSI) and fecundity
GSI is the ratio of fish gonad weight to body weight and used to determine the peak time of reproductive season of spawning migratory species. The GSI was determined using the following formula:
Eggs from the ripe female fish were preserved with 8% formalin for fecundity estimation. Three sub-samples of 1 g eggs were taken from different parts of ovary and counted and the average was calculated.
The total number of eggs per ovary was calculated by extrapolation from the mean calculated. The correlation of fecundity with fork length, total weight and ovary weight were made to determine the relationship of fecundity with morphometric measurements.
Fecundity was determined based on fork length and gonad weight. These two formulas were indicated as follows: The same subscript letters denotes non-significance at 0.05 using LSD mean comparison.
Species composition and relative abundance
A total of 1178 fish specimens were collected from Qimon, Guanta, Chibirna, and Shini Rivers.
From the total specimens collected, 32.24% (382) From the total Labeobarbus specimens collected, L. intermedius was the most dominant specie (43%) followed by L. brevicephalus (23%), whereas the rest were few in number ( Table 2 ).
The relative abundance and distribution of each species varied among sampling rivers across sampling months ( intermedius was the most important specie, followed by either L. brevicephalus or L. nedgia (Table 3) . 
Gonado-Somatic Index (GSI) and fecundity
Gonad stage VI (running level) was the highest in levels of percent maturity for all species and at all sampling sites as compared to other stages ( Figure   2 ). From the 933 Labeobarbus specimens sampled during peak-seasons, 64.95% were found at maturity stage of IV-VII. The rest 35.5% were immature (I-III) and the peak time of spawning was September (Figure 3) . for Labeobarbus spawning due to their critical importance in the development of eggs and larvae (Skelton et al., 1991; Rodriguez-Ruiz and Granado Lorencio, 1992; Baras et al., 1996; Baras, 1997; Abebe Getahun et al., 2008 which is much lower than conductivity value of the studied tributary rivers. This might be due to the different anthropogenic activities and environmental differences in Lake Tana and its tributary rivers.
In general, the variability of physico-chemical parameters in flowing rivers had strong relations with biological functions of any aquatic organism.
Recently, Lake Tana fish production is declining as compared to the last ten years due to environmental and anthropogenic factors (Dereje Tewabe, 2013 ).
This result is in line with Jamu et al. (2003) who reported similar results on some physico-chemical parameters that showed significant predictors of the migration dynamics and reproductive status of two Barbus species from Lake Chilwa basin (Malawi).
Low abundance and diversity of migratory fish species were recorded in the present study as compared to the previous studies which might indicate the decline of the migratory fish in the lake.
Overfishing at Lake Tana and also degradation of spawning grounds and routs were might be main cause of the decline of spawning migratory species.
In agreement with Dereje Tewabe (2013) the main cause for the decline of the migratory fish species is fishing pressure at spawning grounds with illegal monofilament introduction.
Gonado-Somatic Index (GSI %) and Fecundity
Previous studies on reproductive segregation of (Claudine et al., 2013) .
This difference might be due to difference in genetic variability, food availability and other environmental conditions.
The relationship of fork length and total body weight with absolute fecundity was linear for L.
brevicephalus. This is in line with the report of 
